ABSTRACT
Microarray is a powerful tool used to investigate genomewide expression of genes (Schena et al., 1995; Lashkari et al., 1997) . Various ways of representation and analysis of microarray data have been devised, such as scattered plot and cluster analysis (Eisen et al., 1998) , among others. The analysis normally involved expression data of individual genes, but with no reference to the position of the genes within the genome. During our study on the microarray analysis of genome-wide gene expression in a cyanobacterium Anabaena sp. 7120, we recognized that the expression of genes is related to the position of genes within the genome (Ehira et al. manuscript in preparation) . In order to visualize the expression data within the whole genome, we developed a software called 'GenoMap', written in Tcl/Tk, which enables viewing a circular map of a bacterial genome with various sets of expression data. The correlation of position and expression of genes has been documented (Spellman and Rubin, 2002) , and a similar approach was reported for local changes in copy number along chromosomes (Pollack et al., 1999) . A linear expression map can be illustrated by a software CaryoScope (http://genome-www5.stanford.edu/∼rees/) or with any spreadsheet software with graph-making capability. However, no convenient viewer for circular genome has been developed as a free or commercial software. A circular expression map enables easy identification of expressed regions, and visually comprehensible (Fig. 1) .
Preparation of input file. GenoMap reads basic genome information as well as various quantitative data, such as expression data, GC content or GC skew. The input file, adapted from the GTF format used in the GRS software (Sicheritz-Ponten and Andersson, 1997), is a tab-delimited text file consisting of seven fields, with several lines of headers. Details of file format can be found in the documents attached with the software. GenoMap can read CDS and RNA information in both forward and reverse orientations as well as at most four sets of quantitative data referred to as 'TAG'. An extended GTF file for input in GenoMap can be prepared by catenating a file describing the basic genome information (prepared once) and a file describing the quantitative data (prepared for each experiment). A GenBank or EMBL file can be converted to GTF file by the SISEQ tool (Sato, 2000) .
Usage. The program GenoMap is invoked by sourcing the 'genomap.tk' script. Manipulation of input and output (postscript) files is done either by the buttons or by the menus. User-defined parameters include dimension and color of various graphical objects, the way of data conversion (linear, logarithmic, or negative logarithmic) and offset values. The settings can be stored in a configuration file 'genomap.cf', which is sourced upon initialization of the next run. A circular map of the expression data is displayed in a new window (Fig. 1) . The size of scrollable canvas may be as large as 6000 × 6000 pixels, which is enough to show all the genes of a common prokaryotic genome. In this window, the name and the position of the corresponding gene are displayed interactively by clicking on the expression data. The graphics is saved as a PostScript file, which may be read by any graphics software.
Platforms. This software can be used on any platform including Mac OS X, in which Tcl/Tk runs. However, in MacOS (classic), a large datafile is not correctly displayed for unknown reasons. Fig. 1 . A typical view of the GenoMap windows running on X window system on MacOS X. The small window on the left is a control window in which various settings and colors are customized. The large window on the right is a map window. The ORFs and RNA genes are indicated in the outermost four rings. Within these rings are displayed three data, namely, upregulated expression data (logarithmic scale) in red, downregulated expression data (negative logarithmic scale) in blue, and GC content in purple. The name and annotation of gene is displayed in the lower part upon clicking on the region within the circle showing the expression data.
